1. Background {#sec0001}
=============

Worldwide, tuberculosis (TB) continues to be an important public health issue, and a major cause of morbidity and mortality. Despite advances in diagnosis and therapy nearly ten million incident TB cases were reported, and an estimated 1.6 million deaths occurred due to TB, globally in 2017 [@bib0001]. Almost a quarter of the world\'s population is latently infected with TB, and therefore at risk of progressing to active disease sometime during their lifetime [@bib0001].

According to the World Health Organization, health is defined as a state of complete physical, mental, and social well-being and not a mere absence of disease or infirmity. The impact of any disease, especially a chronic illness like tuberculosis, on an individual patient is therefore often all-encompassing, affecting not only his physical health but also his psychological, economic, and social well-being.

At present, the TB control services are geared towards optimizing microbiological cure, and using this parameter as an indicator for successful treatment. Although this is extremely important from a public health perspective, such an approach does not adequately address the physical, mental and social suffering of patients due to TB [@bib0002]. Patients suffer not only because of the symptoms of the disease, but also because of the resultant general deterioration in their quality of life (QOL). Despite this, patient perceptions about disease and their health have remained largely unknown.

QOL is a broad and complex multidimensional concept that incorporates physical, social, psychological, economic, spiritual and other domains. It is therefore difficult to define and measure, but may be broadly described as individuals' perceptions of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns [@bib0003]. QOL therefore is an expression of patient preferences and values rather than clinician\'s assessment. For the latter, one simply needs to ask the patient "How high is your fever?", while for the former, patient response to the question "How much are you bothered by your fever?" or "To what extent do you feel that fever prevents you from doing what you need to do?" can be recorded. Self-reported health-related QOL is therefore an important adjunct measure in understanding and quantifying the actual impact of TB on patients.

This review was conducted to summarize the various issues related to QOL among patients with all forms of TB. A broad search was conducted through the PubMed platform using keywords like quality of life, health status and tuberculosis. Relevant publications for detailed evaluation were identified through an abstract review of the search results. Additional key references were identified from bibliography of shortlisted publications during their full-text review. Data from large and well-conducted studies was preferentially used to summarize and tabulate important findings.

2. Instruments for describing and quantifying QOL in TB {#sec0002}
=======================================================

An objective assessment of patient\'s QOL attempts to quantify the functional effects of an illness and its consequent therapy on a patient, as perceived by that patient. A wide variety of questionnaires and scales have been employed to evaluate self-rated QOL in patients with active TB [@bib0004], [@bib0005], [@bib0006], [@bib0007]. Some of these evaluate QOL holistically, whereas others focus on specific domains like physical health or psychological morbidity.

The simplest approach to QOL assessment is using only one summary item as a global descriptor of QOL. This can take the form of a single question, a visual analogue scale (VAS), or a standard gamble approach [@bib0008], [@bib0009], [@bib0010], [@bib0011], [@bib0012], [@bib0013]. However, this is likely to miss important information on several important facets of QOL that may be important to TB patients. More and more investigators therefore rely on standardized multidimensional scales to obtain a more comprehensive picture of the relevant facets and domains. Several of these instruments are generic, which means that they can be used across a wide spectrum of disorders (and even among healthy individuals). A commonly used scale in TB research is Short Form 36 (SF-36) [@bib0013], [@bib0014], [@bib0015], [@bib0016], [@bib0017], [@bib0018], [@bib0019], [@bib0020], [@bib0021], [@bib0022], [@bib0023], [@bib0024], [@bib0025], [@bib0026], [@bib0027], [@bib0028], [@bib0029], [@bib0030], [@bib0031]. This gives scaled scores across eight domains -- Physical Functioning, Role Physical, Bodily Pain, General Health, Vitality, Social Functioning, Role Emotional, and Mental Health, and two summary scores -- Physical Component Score and Mental Component Score. The EQ-5D, developed by the European QOL Group, is another commonly used instrument \[[@bib0010],[@bib0030], [@bib0031], [@bib0032], [@bib0033], [@bib0034]\]. It has two components -- health state description and evaluation. In the description part, health status is measured through five dimensions (5D) -- mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. VAS is used to assess overall health status in the evaluation part. The abbreviated World Health Organization Quality of Life scale (WHOQOL-Bref) is another popular generic instrument [@bib0035], [@bib0036], [@bib0037], [@bib0038], [@bib0039], [@bib0040], [@bib0041], [@bib0042]. This 26-item instrument evaluates QOL across four domains -- Physical, Psychological, Social relationships, and Environment. Some other generic scales used include Medical Outcome Survey (MOS) [@bib0009] Social Functioning 12 (SF-12) \[[@bib0032],[@bib0043]\], variants of the WHOQOL scale family \[[@bib0019],[@bib0044],[@bib0045]\], and other uncommon or in-house instruments [@bib0046], [@bib0047], [@bib0048].

Although generic measures permit comparisons across interventions and diagnostic categories, they fail to adequately capture facets particularly important to a particular disease. More specific instruments may prove better in this regard, and these can be either system-specific or disease-specific. Since lungs are the predominant organ involved in TB, it is intuitive that respiratory-system specific questionnaires may be appropriate in pulmonary TB. The St. George\'s Respiratory questionnaire (SGRQ) has been used in some studies \[[@bib0032],[@bib0049],[@bib0050]\]. It has 76 items, whose responses can be aggregated into an overall score and three domain scores for Symptoms, Activity and Impact. Another approach is to use disease specific instruments. Unfortunately, TB-specific QOL instruments have not been widely used. Dhingra and Rajpal proposed a disease-specific QOL instrument (DR-12) from data on TB patients treated under programmatic conditions in India [@bib0051]. This scale has 12 items over two domains -- Symptoms, and Sociopsychological/exercise adaptation. However, scale development was not scientifically rigorous, and phrasing of items suggests it to be more of a health status rather than QOL instrument. It has been sparsely used \[[@bib0052],[@bib0053]\]. Another disease specific instrument FACIT-TB (Functional Assessment of Chronic Illness Therapy -- Tuberculosis) has been developed, and psychometrically validated in Arabic, for quantifying QOL in TB patients in Iraq \[[@bib0054],[@bib0055]\]. This questionnaire, which is a part of the FACIT measurement system, consists of 45 items across five domains -- Physical well-being, Social and economic well-being, Emotional well-being/Stigma of having TB, Functional well-being, and Spiritual well-being. More recently, the generic module of the Chinese Quality of Life Instruments for Chronic Diseases (QLICD) has been modified by addition of a pulmonary TB scale. The resultant QLICD-PT instrument has three domains (with 28 items) for general QOL and one pulmonary TB specific domain (with 12 items) [@bib0056]. The scale has been shown to have acceptable degree of validity, reliability and responsiveness. To the best of our knowledge, both these new QOL instruments have not been used by other independent researchers.

In addition, more specific instruments have been used to explore individual QOL domains in TB. This is most evident in evaluation of psychological morbidity, where several tools such as General Health Questionnaire 12 (GHQ12) [@bib0057], Patient Health Questionnaire (PHQ-9) \[[@bib0012],[@bib0058], [@bib0059], [@bib0060]\], Centre for Epidemiologic Studies Depression Scale (CES-D) [@bib0031], State-trait Anxiety Short-Form (STAI-6) [@bib0031], Kessler-10 item scale (K-10) \[[@bib0045],[@bib0061]\], Hospital Anxiety and Depression Scale (HADS) \[[@bib0025],[@bib0032]\], and others have been used.

3. QOL evaluation in TB patients {#sec0003}
================================

QOL can be influenced by several patient, disease, and treatment-related factors in TB patients ([Fig. 1](#fig0001){ref-type="fig"}). Few investigators have evaluated QOL in adult patients through cross-sectional studies ([Table 1](#tbl0001){ref-type="table"}). In general, QOL of TB patients is poorer as compared to healthy individuals across most domains, with physical functioning domain affected more severely than others \[[@bib0005],[@bib0014],[@bib0019],[@bib0025],[@bib0031],[@bib0035], [@bib0036], [@bib0037], [@bib0038],[@bib0062]\]. Patients with active TB generally also perceive their health status to be worse as compared to people with latent TB or previously cured TB \[[@bib0005],[@bib0008],[@bib0013],[@bib0016],[@bib0017],[@bib0021]\]. However, the relative contribution of TB towards impairment of QOL can sometimes be problematic as several patients have other comorbid illnesses or socio-economic problems [@bib0063]. Overall, QOL seems largely independent of age and gender \[[@bib0048],[@bib0064]\]. However, some studies report advancing age to be negatively correlated with QOL \[[@bib0010],[@bib0013],[@bib0038]\]. Others report worse QOL among women \[[@bib0017],[@bib0036],[@bib0038]\]. One Indian study has shown higher QOL scores for physical and psychological domains among women, probably suggestive of better coping strength [@bib0036]. Also, lower education level and poor socio-economic status may be associated with greater impairment of QOL \[[@bib0017],[@bib0048]\]. Patients with relapse or retreatment tend to show the greatest impairment in QOL [@bib0036].Fig. 1Important determinants of quality of life with tuberculosis.Fig. 1Table 1Characteristics of selected recent studies in tuberculosis patients reporting cross-sectional data from multi-dimensional quality of life scales.Table 1InvestigatorStudy settingStudy subjectsHIV+Comorbid disordersNon-TB comparator groupsQOL measuresTiming of QOL assessmentDion et al. [@bib0030]Public hospital in Canada17 culture confirmed pulmonary TB patientsNoneExcluded25 latent TB, 8 previously treated TBSF-36, EQ-5D, VAS, Standard gambleBefore or during treatmentDuyan et al. [@bib0048]Hospital in Turkey120 inpatients with pulmonary TBNoneExcludedNoneIn-house instrumentAt least one month after hospitalizationDhuria et al. [@bib0035]DOT centres in India90 patients with pulmonary TB (20% retreatment cases)NRExcluded90 age and gender matched healthy personsWHOQOL-BrefWithin 3 days of initiating TB treatmentGuo et al. [@bib0013]TB clinic in Canada84 patients on TB treatmentNR45%78 persons on treatment for latent TBSF-36, VAS, Health Utilities IndexWithin 2 months of diagnosis of active/latent TBUnalan et al. [@bib0017]TB dispensary in Turkey196 patients with TBNR26.5%196 healthy persons, and 108 with latent/healed TBSF-36During treatmentDeribew et al. [@bib0044]Hospitals in Ethiopia124TB/HIV co-infected patients100%Excluded467 HIV+ patientsWHOQOL-HIVDuring intensive phase of TB treatmentBabikako et al. [@bib0009]TB clinics in Uganda133TB patients50%NRNoneMedical Outcome Survey, VASVariable -- before, during, or end of treatmentChung et al. [@bib0037]Hospitals in Taiwan140 patients with pulmonary TBNRNR130 age and gender matched healthy personsWHOQOL-BrefWithin 2 weeks of initiating treatmentKittikraisak et al. [@bib0010]Hospitals in Thailand92TB patients53.3%NR49 HIV+ patients, 81 patients with treated TBEQ-5DVariableLouw et al. [@bib0046]Primary care clinics in South Africa4900TB patients59.9%NRNoneSocial functioning 12Within one month of treatment initiationUnalan et al. [@bib0019]TB sanitorium in Turkey92TB patientsNRNRNoneSF-36, WHOQOL-100Early during treatmentSharma et al. [@bib0039]TB clinic in India60 MDR TB and 60 retreatment TB patientsNoneExcluded60 persons (details NR)WHOQOL-BrefVariable during treatmentKisaka et al. [@bib0024]Hospital in Uganda210 smear positive pulmonary TB patients (one third each at diagnosis, end of intensive phase, and treatment completion)59%NRNoneSF-36Variable during treatmentDos Santos et al. [@bib0025]Hospital in Brazil86 inpatients with pulmonary TB37.2%3.5%NoneSF-36NRRoba et al. [@bib0027]Hospitals, health centres in Ethiopia300TB, and 100 MDR TB, patients13.8%NRNoneSF-36At least one month after treatment initiationShahdadi et al. [@bib0028]Diabetes clinic in Iran62 diabetic patients with pulmonary TBNR100%NoneSF-36NRLaxmeshwar et al. [@bib0042]TB clinics in India95 MDR TB patients4.2%NRNoneWHOQOL-BrefVariable during treatmentSineke et al. [@bib0029]TB treatment site in South Africa149 patients with drug-resistant TB77.9%4.4%NoneSF-36NR[^1]

4. Physical functioning and role limitation {#sec0004}
===========================================

Physical functioning is a reflection of an individual patient\'s capacity to carry out basic day-to-day activities, and role functioning encompasses a person\'s ability to function in designated roles at work, society, and home. The physical effects of TB are highly variable, and depend on patient\'s premorbid health status, severity of symptoms, and duration of illness. Debilitating somatic symptoms are often the hallmark of active TB, and patients are often specially concerned about generalized weakness and weight loss [@bib0063]. Poor performance status has been shown to be a strong predictor of mortality in Japanese patients with active pulmonary TB [@bib0065]. The diagnosis of tuberculosis in the family increases the workload on the family primary caregivers (wives and mothers), and diminishes the caregiver\'s ability to generate income and care for the remainder of the family [@bib0066].

5. Social functioning {#sec0005}
=====================

One of the most important facets affecting QOL is the stigma associated with TB, both at the family and the community level \[[@bib0063],[@bib0067]\]. In a study from urban Zambia, 82% TB patients reported stigma [@bib0068]. In another study from southern India, 51.2% TB patients felt stigmatized, and stigma was greater among sputum smear positive patients [@bib0069]. In a study using an improvised scale to quantify stigma, mean TB-related stigma score in Chinese patients was 9.33 (maximum scale score of 27) [@bib0070].

TB is most commonly stigmatized due to the perceived risk of transmission from patients to other susceptible community members [@bib0071]. In other instances, the reasons could relate to the association of TB with HIV infection or low socio-economic status, and traditional myths about TB [@bib0068]. Patients often report issues such as loss of friends, lack of respect among colleagues, and social isolation at workplace \[[@bib0072],[@bib0073]\]. The stigma associated with disease may be greater among women and inability to get married, and divorce, have both been commonly reported in developing countries [@bib0074], [@bib0075], [@bib0076]. Contrary to popular belief, stigmatization of TB patients is not just confined to developing countries, but may be also be widely prevalent in low-TB burden countries as well [@bib0077].

6. Emotional and psychological health {#sec0006}
=====================================

A wide range of psychological reactions are observed once TB is diagnosed. Worry is a common feeling after disclosure of diagnosis \[[@bib0015],[@bib0078]\]. The diagnosis may come as a shock to the patient, and there are instances of denial of diagnosis \[[@bib0063],[@bib0078],[@bib0079]\]. Another common feeling at diagnosis is fear of seclusion and social boycott, and sometimes even death \[[@bib0063],[@bib0075]\]. In particular, hospitalization and isolation of patients (a common practice in several low-burden countries) can have important emotional and psychological ramifications \[[@bib0063],[@bib0080]\].

Depressive symptoms such as low mood, tiredness, reduced sexual desire, sleep disturbances, anorexia, loss of weight, etc. are commonly seen [@bib0057]. Cross-sectional, community-based data from the World Health Survey on nearly 250,000 adults from low- and middle-income countries has shown a much higher prevalence of depressive episodes in patients with TB (23.7% vs. 6.8% among those without TB) [@bib0081]. The odds for subsyndromal depression and brief depressive episodes were also higher among TB patients. Interaction analysis showed that depression amplified difficulties in self-care in TB patients but did not affect other health status domains. Using PHQ as a screening tool, a Nigerian study identified 27.7% patients with depression [@bib0058]. In another study on patients attending public primary care clinics in South Africa, 32.9% showed psychological distress and 8.3% were receiving anti-depressant therapy [@bib0061]. On multivariable analysis older age, lower formal education, and poverty were independently associated with psychological distress. A cross-sectional study in Brazil on hospitalized TB patients found that 31.4% had depression, 38.4% had anxiety, and 23.3% suffered from low self-esteem [@bib0025]. Patients with depression or anxiety also had lower overall QOL scores as compared to patients without. In a study from Ethiopia, 53.9% patients were categorized as having probable depression at start of treatment, and QOL impairment, loss to follow-up, and mortality were significantly higher among this subset [@bib0012]. A study from southern India reported depression in 40.8% TB patients receiving anti-tubercular therapy (ATT) [@bib0060]. Most patients had mild or moderate depression, with a higher prevalence in pulmonary as compared to extrapulmonary disease (80.4% vs. 19.6%).

Adequate treatment can ameliorate some of these psychological issues. A South African study using HADS showed that both anxiety and depression domains changed by +95% from a state of 'moderate problems' to a state of reporting 'no problems' [@bib0032].

7. Economic well-being {#sec0007}
======================

Patients of TB are most commonly in the economically productive age group, and hence the resultant economic cost is rather substantial. Several patients and families feel the financial burden of disease, resulting both from cost of treatment as well as indirectly from loss of wages \[[@bib0079],[@bib0082]\]. A study in Thailand noted that adult TB patients spent more than 15% of their income on out-of-pocket expenses for diagnosis and therapy of TB, and often needed to take loans or sell property [@bib0066]. Another study on southern India reported expenditure up to 40% of patients' income, with non-medical expenses (such as travel costs), and diagnosis/treatment in the private sector, also imposing a disproportionate burden on poor households [@bib0082].

8. Effect of treatment {#sec0008}
======================

Few investigators have longitudinally evaluated QOL in cohorts of adult patients on ATT, mostly from endemic or high-burden countries ([Table 2](#tbl0002){ref-type="table"}). The greatest improvement in QOL seems to occur within the initial 2--3 months of therapy [@bib0005]. A study from South India reported improvement in patient perceptions about physical and mental well-being after treatment [@bib0015]. In a study from northern India, QOL improved significantly at end of intensive phase, and further at end of treatment [@bib0041]. Similar results were reported from another north Indian study, where overall QOL, and all domains except social, improved after treatment for three months, and all domains improved further at treatment completion at six months [@bib0036]. Another study from north India showed that QOL improved across all domains among patients showing microbiological conversion on sputum examination, but not among those with persistent sputum positivity at end of intensive phase of treatment [@bib0038]. In a study from Pakistan, mean QOL scores more than doubled in TB patients after completing ATT [@bib0034]. A study from China reported gradual improvement in QOL with TB treatment, with physical function, role-motional, bodily pain, and general health domain scores comparable to healthy individuals after treatment [@bib0014]. In one study from Iraq that longitudinally used a TB-specific QOL questionnaire, physical well-being, functional well-being, and the total QOL scores were significantly increased after two months of ATT [@bib0055]. All QOL subscales, except social and economic well-being and spiritual well-being, improved at end of treatment, and the total QOL score had a statistically significant contribution towards predicting likelihood of favourable response to ATT. In a study from Yemen, both physical and mental summary scores improved at end of intensive phase of treatment [@bib0023]. While the former improved further at treatment completion, the latter remained largely static, with mean scores still below population norms. In a study from Indonesia, 94% patients showed a clinically significant improvement in SGRQ scores after two months of treatment, and 80% achieved additional significant improvement by end of treatment at six months [@bib0050]. Progressive improvement across all QOL domains was also reported among Malaysian patients receiving ATT [@bib0020]. This suggests that QOL correlates with other objectives measures of response to therapy. In a study from Uganda, QOL progressively improved as the patients' duration of TB treatment increased [@bib0009]. In a study from Uganda, both physical and mental component summary scores significantly improved at end of intensive phase, and further by end of treatment completion [@bib0024]. In two studies from South Africa, QOL improved significantly during treatment and at treatment completion, with biggest gains in the physical health scores \[[@bib0032],[@bib0043]\]. No socio-demographic traits were significantly associated with this improvement, suggesting that TB treatment was the principal determinant of change in QOL. Maximum improvements were seen in physical, followed by psychological domain.Table 2Characteristics of selected recent longitudinal studies reporting data from multi-dimensional quality of life scales among patients receiving treatment for tuberculosis.Table 2InvestigatorStudy settingStudy subjectsHIV+Comorbid disordersNon-TB comparator groupsQOL measuresTiming of serial QOL assessmentChamla, 2004 [@bib0014]TB center in China102 patients with pulmonary TBNRNR103 age and gender matched healthy personsSF-36ST, EIP, ETRajeswari et al. [@bib0015]TB units in India610 patients with TBNRNRNoneSF-36ST, EIP, ETMarra et al. [@bib0016]TB clinic in Canada7.7%10.6%102 persons with latent TBSF-36Baseline, 3 months, 6 monthsDhuria et al. [@bib0036]DOT centres in India90 patients with pulmonary TBNRExcluded90 persons (details NR)WHOQOL-BrefBaseline, 3 months, 6 monthsMaguire et al. [@bib0050]TB clinic in Indonesia115 patients with pulmonary TB4.5%NRNoneSGRQBaseline, 2 months, 6 monthsGuo et al. [@bib0018]TB control clinics in Canada89 patients with TBNR46%NoneSF-36Baseline, 3 months, 6 monthsKruijshaar et al. [@bib0031]Clinics in UK61 patients with TB (20 had extrapulmonary disease)NRNRNoneSF-36, EQ-5DBaseline, 2 monthsAggarwal et al. [@bib0038]DOT centres in India1034 patients with pulmonary TBNRNRNoneWHOQOL-BrefST, EIP, ETDeribew et al. [@bib0045]Hospitals in Ethiopia124TB/HIV coinfected patients100%Excluded465 HIV+ patientsWHOQOL HIV-BrefDuring intensive phase, 6 months laterAtif et al. [@bib0020]Chest clinic in Malaysia216 patients with pulmonary TBNoneExcludedNoneSF-36ST, EIP, ETBauer et al. [@bib0021]Hospitals in Canada48 patients with pulmonary TB (8 had extrapulmonary disease)NRExcluded105 persons with latent TB, 110 healthy personsSF-361, 2, 4, 6, 9 and 12 monthsDujaili et al. [@bib0055]Specialist Respiratory Centre in Iraq305 patients with pulmonary TBNoneExcludedNoneFACIT-TBST, EIP, ETAhmad et al. [@bib0022]Hospital in Pakistan81 patients with MDR TBNR12.3%NoneSF-36Baseline, 12 months, ET (\>20 months)Jaber et al. [@bib0023]TB centres in Yemen243 patients with TBNR16.5%NoneSF-36ST, EIP, ETLouw et al. [@bib0043]Primary care clinics in South Africa1196 patients with TBNR36.8%NoneSF-12Baseline, 6 monthsMthiyane et al. [@bib0047]Hospitals in South Africa62TB/HIV coinfected patients100%Excluded20 HIV+ patientsFAHIBaseline, 3 months, 6 months, 12 monthsKastien-Hilka et al. [@bib0032]Primary care clinics in South Africa131 patients with pulmonary TBNone20.6%NoneSF-12, EQ-5D, SGRQST, 4, 8, 16 weeks, ETRamkumar et al. [@bib0026]DOT centres in India92 patients with TBNRNR83 age and gender matched healthy personsSF-36ST, 3 months, ETSiddiqui et al. [@bib0053]DOT centres in India316 patients with TB (50 had diabetes)NR15.8%NoneDR..−12ST, EIP, ETSingh et al. [@bib0040]Hospital in India50 patients with pulmonary TBNRNR50 age and gender matched healthy personsWHOQOL-BrefBaseline, 2 months, 6 monthsJorstad et al. [@bib0033]Hospital in Tanzania69 patients with extrapulmonary TB23.2%NR63 patients without TBEQ-5DST, 2--3 months, ETSaleem et al. [@bib0034]TB clinic in Pakistan226 patients with pulmonary TBNRExcludedNoneEQ-5DST, EIP, ETDar et al. [@bib0041]Hospital in India198 patients with pulmonary TBNRNRNoneWHOQOL-BrefST, EIPJaber and Ibrahim [@bib0089]TB centres in Yemen80 patients with MDR TBNR28.8%NoneSF-36Baseline, ET, 12 months after ET[^2]

Relatively little information is available from low TB burden countries. In a study from Canada, QOL was better in most domains after TB treatment, with most significant improvements observed in vitality, physical functioning, role physical, social functioning, and role emotional domains [@bib0016]. In contrast, another study on Canadian patients showed that while mental component summary scores improved throughout treatment, the physical component summary score improved only slightly during the 2--4 month period and then slightly declined again [@bib0021].

On the other hand, adverse effects from ATT may sometimes paradoxically worsen QOL. For instance, gastrointestinal disturbances, visual impairment or peripheral neuropathy may hamper physical functioning [@bib0063]. A Canadian study reported that major, but not minor, adverse drug reactions were associated with significant reductions in a few mental and physical subscales of SF-36 [@bib0018]. This study also showed that patients with low pre-treatment QOL scores were more likely to experience adverse drug reactions. A study from UK suggested that while the psychological burden from depression improved with treatment, that with anxiety did not [@bib0031].

Although most patients report normal or near-normal QOL after successful TB treatment, a small proportion can still show residual impairment of QOL \[[@bib0015],[@bib0016],[@bib0020],[@bib0023],[@bib0031],[@bib0038],[@bib0049],[@bib0083]\]. In particular, a recent systematic review suggests that psychological well-being and social functioning continue to remained impaired even after successful microbiological cure with treatment [@bib0062]. In addition to persistent physical changes, patients also report continued emotional distress or impaired mental health even after completion of ATT \[[@bib0020],[@bib0084]\].

The long term impact of successful TB treatment on QOL is not clear. Few studies show that the overall QOL in patients previously treated 1--2 years back was largely similar to that in the general population \[[@bib0021],[@bib0030],[@bib0083],[@bib0085]\]. Other investigators report substantial impairment in QOL, even several years after completing treatment, although it was still better when compared to other chronic respiratory disorders [@bib0086]. Apart from the global assessment, individual QOL facets may be important for patients. For instance, overcoming stigma and resuming normal social life (including joining work, resuming interactions with friends and colleagues, etc.) may be difficult for some patients. Others may have significant organ damage (such as extensive lung fibrosis or destruction) that can result in persistent symptoms and inability to resume normal daily activities. Other events (such as loss of job or divorce) due to TB diagnosis may also have long-lasting social, psychological and financial implications.

9. Extrapulmonary disease {#sec0009}
=========================

There is only sparse data on how extrapulmonary TB (EPTB) influences QOL. A study from China reported similar QOL scores between pulmonary and extrapulmonary TB, though site distribution or numbers for the latter were not provided [@bib0014]. In general, QOL is likely to be related to the anatomic location of disease, and some forms are more likely to be associated with substantial morbidity and long-term disability. Therefore, the impact of skeletal tuberculosis or tuberculous meningitis is likely to be much different in comparison to tuberculous lymphadenitis or pleural tuberculosis. A study from UK found that patients with lymph node disease appeared to report better QOL than patients with pulmonary TB at time of diagnosis [@bib0031]. Another prospective study in Zanzibar followed up patients with presumptive EPTB, and reduction in working capacity was reported in a lower proportion of patients with lymphadenitis as compared to other patients [@bib0033]. These patients had better self-rated QOL at baseline as compared to EPTB at other sites. Overall, QOL improved in all patients with adequate treatment, but residual impairment was not reported for any site.

10. Drug resistance {#sec0010}
===================

In general, patients with multi-drug resistant (MDR) TB have endured disease and treatment in the past as well, and hence face additional difficulties related to family life, social stigmatization, and financial hardships. Treatment for MDR TB is also longer, more complex, associated with frequent adverse effects, and associated with suboptimal outcomes. It is therefore not hard to imagine that QOL among patients with MDR TB is likely to be much more impaired \[[@bib0087],[@bib0088]\]. A study from north India showed that patients with MDR TB had worse QOL as compared to drug-susceptible patients receiving retreatment with ATT [@bib0039]. In contrast, an Ethiopian study found that QOL was similarly reduced among MDR and gender-matched drug-susceptible patients with TB [@bib0027]. However, MDR patients reported worse general health scores and extensive stigmatization. In a retrospective study on 61 HIV/MDR-TB patients in India, 16% had depression at baseline, and all except one improved with ATT and psychological support [@bib0059]. In a follow-up study of MDR TB patients programmatically managed in Pakistan, QOL was severely impaired across all domains before starting treatment [@bib0022]. At one year of treatment, there was minimal and clinically insignificant improvement in QOL scores. At completion of treatment, there was significant improvement in QOL domain scores and summary component measures, but the scores still remained below standard population norms, suggesting significant residual impairment of QOL. A study from western India found that psychological and physical health domains were the most affected among patients receiving treatment for MDR TB, and that loss of work adversely affected the social relationships and environmental domains [@bib0042]. However, QOL in this study was not as low as reported in some other studies, and was not influenced by drug-resistance pattern. Qualitatively, pill burden significantly affected QOL. A study from Yemen showed clinically important improvement in QOL scores at end of treatment for MDR TB, but there was no further improvement over next one year. Duration of illness before diagnosis of MDR TB was an important predictor of improvement in both physical and mental domain scores [@bib0089].

A cross-sectional study in Namibia attempted to correlate adverse drug events with QOL around the time of completion of MDR TB treatment [@bib0090]. QOL ratings were moderately low in these patients and were not correlated with adverse reactions (which were most commonly mild). In another study from South Africa, patients on drug-resistant TB treatment who reported an adverse event had poorer QOL (principally mental health and well-being) as compared to patients who did not, especially those on intensive phase treatment for six months or less [@bib0029]. However, in both studies, most adverse events had already occurred much before quantification of QOL, while some were persistent for variable length of time.

A recent systematic review and meta-analysis obtained a summary prevalence of 25% for depression across 15 studies, and 24% for anxiety across three studies [@bib0087].

11. TB and human immunodeficiency virus (HIV) co-infection {#sec0011}
==========================================================

Nearly 9% of TB patients are co-infected with HIV, and TB/HIV co-infection seems to be driving the resurgence of TB in the developed world [@bib0001]. In a study from Ethiopia, TB/HIV co-infected patients were documented to have poorer QOL across all domains when compared to HIV seronegative TB patients, even after adjusting for potential confounders like age, gender, occupation, social support, WHO staging, and CD4 lymphocyte count [@bib0044]. Similarly, another study from Ethiopia showed that QOL in TB/HIV co-infected patients was more impaired as compared to that in HIV seropositive patients without TB, and treatment led to greater improvement in QOL in the former group [@bib0045]. Similar observations were also reported from a cross-sectional study from India [@bib0091]. In contrast, a study from Brazil found that QOL was similarly impaired among patients receiving treatment for HIV infection, active TB, and TB/HIV con-infection, with the maximal decrease being observed in the physical domain in the last group [@bib0011]. Substantial impairment of physical and mental health was documented in a study on HIV-infected TB patients treated in Thailand [@bib0092]. Physical symptoms were largely relieved with treatment, but mental health remained unchanged or worsened in nearly two-third patients. In contrast, a study from South Africa reported greater impairment in physical functioning, but better mental health, among TB/HIV co-infected patients [@bib0046]. Another study from South Africa showed overall improvement in QOL with therapy in TB/HIV coinfected patients [@bib0047]. This improvement appeared similar among those receiving, and not receiving concomitant anti-retroviral therapy. However, patients with CD4 counts below 200/µL had a poorer QOL, both pre-treatment and during and after completion of treatment.

12. Impact of other comorbidities {#sec0012}
=================================

Several TB patients have other concurrent comorbid illnesses that can themselves influence QOL. In particular, diabetes is a common association [@bib0001]. It is possible that QOL in such patients may be worse. However, most QOL studies conducted in specific disease states tend to either exclude patients with comorbid illnesses that can confound quantification of QOL, or ignore the associated clinical conditions while describing QOL ([Tables 1](#tbl0001){ref-type="table"} and [2](#tbl0002){ref-type="table"}). Hence data in this area is rather sparse. In one study from northern India, TB patients having diabetes shower poorer QOL at start of treatment, as compared to patients without diabetes [@bib0053]. In another study on diabetic patients in Iran, a significant inverse association was noted between QOL and hemoglobin A1c levels, suggesting that poor glycemic control may worsen QOL in TB patients [@bib0028].

13. Quality of TB care {#sec0013}
======================

As per the International Standards of Tuberculosis Care, a patient-centered approach to therapy needs to be developed for all patients in order to promote adherence, improve QOL, and relieve suffering [@bib0093]. Unfortunately, quality of TB care is still far from optimal, especially in high burden countries [@bib0094]. There are still considerable delays in TB diagnosis and, and several patients are lost even before treatment can be initiated; this contributes to prolonged patient suffering \[[@bib0095],[@bib0096]\]. Several patients find the current mechanisms of directly observed ATT to be inflexible and intrusive, and prefer the less effective unsupervised treatment [@bib0097]. The quality of drugs supplied through TB programs, and their guaranteed availability, are also important issues. Most TB programs still do not address the non-medical aspects of tuberculosis with enough seriousness. All these factors directly influence QOL in TB patients. These issues may adversely affect speed of recovery as well as treatment outcomes, and thereby indirectly contribute to impairment of QOL.

14. What can be done to improve QOL in TB patients {#sec0014}
==================================================

From a programmatic perspective, one must deviate from the traditional indicators of disease severity and treatment response to capture the overall health status, with a greater emphasis on patient\'s, rather than clinician\'s, perspective of disease [@bib0002]. TB control programs need to look beyond clinical and microbiological aspects, and try and include socio-cultural and psychological dimensions that impact the disease and its treatment as part of evaluation and monitoring tools. QOL and related measures can therefore be used more frequently as an adjunct to routine disease outcome indices, and perhaps included into forthcoming guidelines. This can assist health care providers to target specific mental and physical health components that are adversely affected by the disease or treatment [@bib0098]. For this, there is also a need for developing psychometrically robust and ethnically appropriate TB-specific QOL measures in different countries. We were unable to locate any quality data that described QOL in children with TB, and this is one area where information needs to be generated. Given that the interaction between healthcare providers and patients, as well as the services rendered by the clinical team, can heavily impact a patient\'s QOL, there is urgent need improve the overall quality of TB care [@bib0099]. TB control programs should also try and implement patient friendly regimens that reduce pill burden, and keep hospitalization and isolation at a minimum. Metrics such as quality-adjusted life years (QALYs) can be used for economic assessment of interventions, and choosing those that provide the greatest health effects [@bib0100].

The other major target should be to promote awareness and try and bring about relevant social reforms. There is a need to understand the roots of misconceptions about TB and to address the lack of knowledge about disease. Good communication, especially at time of diagnosis and initiating treatment, is necessary, and psychological counseling should be an integral part of TB management [@bib0101]. TB patients receiving adequate social support from family, friends and community are likely to have better QOL [@bib0102]. Hence, there may be a case of implementing wellness interventions at family and/or community level to improve QOL. There is also a potential role for targeted, culturally relevant psychosocial support interventions for persons treated for TB disease, especially during the early months of treatment that integrate patients back into their communities as quickly as possible. At a higher level, policymakers should promote social protection and livelihood-strengthening interventions, such as poverty alleviation, food security, cash transfers, etc. [@bib0103]. Another major set of interventions are required to reduce TB stigma. Education and support programs aimed at healthcare providers, TB patients, and at-risk community members may prove useful [@bib0071]. Other important measures to combat stigmatization include advocacy, communication, social mobilization, and personal empowerment of marginalized groups and women who disproportionally bear the burden of TB stigma. TB clubs or social networks could be created for patients to improve patient interaction with other stakeholders [@bib0104].
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[^1]: DOT Directly observed treatment, EQ European Quality of Life, HIV Human immunodeficiency virus, MDR Multi-drug resistant, NR Not reported, QOL Quality of life, SF-36 Short Form 36, TB Tuberculosis, VAS Visual analogue scale, WHOQOL World Health Organization Quality of Life.

[^2]: DOT Directly observed treatment, DR−12 Dhingra and Rajpal scale, EIP End of intensive phase, EQ European Quality of Life, ET End of treatment, FACIT Functional Assessment of Chronic Illness Therapy, FAHI Functional Assessment of HIV Infection, HIV Human immunodeficiency virus, MDR Multi-drug resistant, NR Not reported, QOL Quality of life, SF-12 Social Functioning 12, SF-36 Short Form 36, SGRQ St George\'s Respiratory Questionnaire, St Start of treatment, TB Tuberculosis, WHOQOL World Health Organization Quality of Life.
